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Prior to examination, please amend the above-identified application as follows: 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

Page 1 , after the title insert a new paragraph as follows: 

- CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a national phase application based on international application 
number PCT/GB00/02668, filed on July 10, 2000, and claims the priority of British 
Patent Application Nos. 9916080.6, filed on July 8, 1999, and 9916422.0, filed on 
July 13, 1999.-- 
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IN THE CLAIMS: 



Please replace now pending claims 1-36 without prejudice or disclaimer and 
substitute new claims 37-86 therefor as follows: 

WHAT IS CLAIMED IS: 

37. (New) An optical signalling system comprising first and second signalling 
devices, 

the first signalling device comprising a plurality of signalling elements each 
having a common signalling function, the signalling elements being arranged in a 
predetermined spatial configuration with gaps therebetween; and 

a second signalling device comprising at least one signalling element for 
signalling with at least one of the signalling elements of said first signalling device; and 

wherein said first signalling device further comprises at least one additional 
optical element arranged to reduce the apparent size of the gaps between adjacent 
elements. 

38. (New) A system according to claim 37, wherein said at least one additional 
optical element comprises a corresponding plurality of microlenses positioned in front of 
the signalling elements. 

39. (New) A system according to claim 37, wherein said at least one additional 
optical element comprises at least one beamsplitter, wherein said plurality of signalling 
elements are arranged in at least two groups and wherein the at least one beamsplitter 
and the at least two groups are arranged so that the signalling elements of the at least 
two groups are effectively spatially interleaved with one another. 

40. (New) A system according to claim 37, wherein the at least one additional 
optical element comprises a second plurality of signalling elements each having the 
same signalling function as the signalling elements of the first plurality of signalling 
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elements, the second plurality of signalling elements being arranged in a predetermined 
spatial configuration with gaps therebetween, the second plurality of signalling elements 
being offset at an angle relative to the first plurality of signalling elements. 

41 . (New) A system according to claim 37, wherein the plurality of signalling 
elements are arranged in an array. 

42. (New) A system according to claim 41, wherein the signalling elements 
are arranged in a regular array. 

43. (New) A system according to claim 41, wherein the array is a two 
dimensional array. 

44. (New) A system according to claim 41, wherein the array is a one 
dimensional array. 

45. (New) A system according to claim 37, wherein a lens system is provided 
in front of the plurality of signalling elements in said first signalling device and a lens 
system is provided in front of the signalling element within said second signalling 
device. 

46. (New) A system according to claim 45, wherein the lens system of said 
first signalling device comprises a telecentric lens. 

47. (New) A system according to claim 46, wherein said plurality of signalling 
elements are located substantially at the back focal plane of said telecentric lens. 

48. (New) A system according to claim 46, wherein said telecentric lens is a 
wide angled telecentric lens. 

49. (New) A system according to claim 37, wherein said plurality of signalling 
elements comprises an array of light emitters. 

50. (New) A system according to claim 37, wherein said plurality of signalling 
elements comprises an array of light reflectors. 
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51 . (New) A system according to claim 50, wherein said first signalling device 
further comprises a modulator operable to modulate light reflected by or to be reflected 
by said array of reflectors. 

52. (New) A system according to claim 37, wherein said second signalling 
device comprises a plurality of signalling elements. 

53. (New) A system according to claim 52, wherein said plurality of said 
signalling elements in said second signalling device are arranged in a regular array. 

54. (New) A system according to claim 53, wherein one or more of said 
signalling elements of said second signalling device comprises a vertical cavity surface 
emitting laser. 

55. (New) A system according to claim 53, wherein one or more of said 
signalling elements of said second signalling device comprises a light detector. 

56. (New) A system according to 55, wherein the or each light detector 
comprises a photodiode. 

57. (New) A system according to claim 37, wherein said first and second 
signalling devices are moveable relative to each other. 

58. (New) A system according to claim 37, wherein said at least one additional 
optical element is operable for increasing an average packing density of the plurality of 
signalling elements. 

59. (New) A system according to claim 37, comprising a plurality of said first 
signalling devices arranged to signal with one or more of said second signalling devices. 

60. (New) A system according to claim 37, comprising a plurality of said 
second signalling devices each arranged to signal with a respective one of said 
signalling elements of said first signalling device. 
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61 . (New) A system according to claim 37, wherein the signalling elements of 
said first signalling device are operable to modulate an optical signal to be transmitted 
to said second signalling device. 

62. (New) A system according to claim 61 , wherein said signalling elements of 
said first signalling device are operable to modulate at least one of the amplitude, 
phase, frequency and polarisation of the optical signal. 

63. (New) A signalling device comprising a plurality of signalling elements 
arranged in a predetermined spatial configuration with gaps therebetween and at least 
one further optical element for reducing the apparent size of the gaps between the 
adjacent elements. 

64. (New) A signalling device according to claim 63, wherein said at least one 
additional optical element comprises a corresponding plurality of microlenses positioned 
in front of the signalling element. 

65. (New) A signalling device according to claim 63, wherein said at least one 
additional optical element comprises at least one beam splitter, wherein said plurality of 
signalling elements are arranged in at least two groups and wherein the at least one 
beam splitter and the at least two groups are arranged so that the signalling elements of 
the least two groups are effectively spatially interleaved with one another. 

66. (New) A signalling device according to claim 63, wherein the at least one 
additional optical element comprises a second plurality of signalling elements each 
having the same signalling function as the signalling elements of the first plurality of 
signalling elements, the second plurality of signalling elements being arranged in a 
predetermined spatial configuration with gaps therebetween, the second plurality of 
signalling elements being offset at an angle relative to the first plurality of signalling 
elements. 
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67. (New) A signalling device according to claim 63, wherein the plurality of 
signalling elements are arranged in an array. 

68. (New) A signalling device according to claim 67, wherein the signalling 
elements are arranged in a regular array. 

69. (New) A signalling device according to claim 67, wherein the array is a 
two-dimensional array. 

70. (New) A signalling device according to claim 67, wherein the array is a 
one-dimensional array. 

71 . (New) A signalling device according to claim 63, further comprising a lens 
system provided in front of the plurality of signalling elements. 

72. (New) A signalling device according to claim 71, wherein the lens system 
comprises a telecentric lens. 

73. (New) A signalling device according to claim 72, wherein said plurality of 
signalling elements are located substantially at the back focal plane of said telecentric 
lens. 

74. (New) A signalling device according to claim 72, wherein said telecentric 
lens is a wide-angled telecentric lens. 

75. (New) A signalling device according to claim 63, wherein said plurality of 
signalling elements comprises an array of light emitters. 

76. (New) A signalling device according to claim 63, wherein said plurality of 
signalling elements comprises an array of light reflectors. 

77. (New) A signalling device according to claim 76, further comprising a 
modulator operable to modulate light reflected by or to be reflected by said array of 
reflectors. 
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78. (New) A signalling device according to claim 63, wherein said at least one 
additional optical element is operable for increasing an average packing density of the 
plurality of signalling elements. 

79. (New) A signalling kit comprising one or more first signalling devices and a 
plurality of second signalling devices, 

wherein each first signalling device comprises a signalling device according to 
claim 63, and 

wherein each second signalling device comprises at least one signalling element 
for signalling with at least one of the signalling elements of said one or more first 
signalling device. 

80. (New) A signalling method using first and second signalling devices, the 
first signalling device comprising a plurality of signalling elements arranged in a 
predetermined spatial configuration with gaps therebetween, the method comprising 
providing at said first signalling device at least one additional optical element for 
reducing the apparent size of the gaps between adjacent elements. 

81 . (New) An optical signalling system comprising first and second signalling 
devices, 

the first signalling device comprising an optical signal generator operable to 
generate an optical signal; a modulator operable to modulate the generated optical 
signal with modulation data; and a reflector operable to reflect the generated optical 
signal towards said second signalling device; 

the second signalling device comprising a receiver operable to receive optical 
signals transmitted from the first signalling device; a data retriever operable to retrieve 
the modulation data from the received signal; a modulator operable to modulate the 
received optical signal with modulation data for the first signalling device; and a reflector 
operable to reflect the received optical signal back to the first signalling device. 
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82. (New) An optical signalling system comprising first and second signalling 
devices, 

the first signalling device comprising a plurality of reflectors and a light source for 
illuminating said plurality of reflectors in common; 

the second signalling device comprising a plurality of reflectors each for receiving 
light from a respective light source and for reflecting the light back to the respective light 
source. 

83. (New) A system according to claim 82, wherein said reflectors are 
arranged in an array. 

84. (New) A system according to claim 82, wherein said first signalling device 
further comprises a modulator operable to modulate the light from said light source with 
modulation data and wherein said second signalling device further comprises a data 
retriever operable to retrieve the modulation data. 

85. (New) A system according to claim 82, wherein said second signalling 
device further comprises a modulator operable to modulate the light from said first 
signalling device with modulation data and wherein said first signalling device further 
comprises a data retriever operable to retrieve the modulation data. 

86. (New) An optical signalling system comprising first and second signalling 
devices, wherein each of the first and second signalling devices comprises a retro- 
reflector and at least one of the first and second signalling devices comprises an optical 
signal generator operable to generate and output an optical signal onto the retro- 
reflector of said at least one of said first and second signalling devices. 
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REMARKS 



Claims 37-86 are currently pending. These claims have been amended to 
conform them to U.S. practice and to eliminate multiple claims dependency. No new 
matter has been introduced by these amendments. 

The examiner is respectfully requested to consider the above preliminary 
amendment prior to examination of the application. If there are fees due in connection 
with the filing of this Preliminary Amendment, please charge the fees to Deposit 
Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, L.L.P. 



Dated: January 8, 2002 
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The present invention relates to a signalling system. 
One aspect of the invention relates to an optical free 
space signalling method and apparatus. 

The applicant has proposed in their earlier International 
application W098/ 35328 a point to multipoint data 
transmission system which uses a retroref lector to 
receive collimated laser beams from a plurality of user 
terminals, to modulate the received laser beams and to 
reflect them back to the respective user terminals. This 
point to multipoint data transmission system employs 
pixelated reflector /modulator arrays and a telecentric 
optical lens systems. The system operates by assigning 
each user of the system a unique pixel in the array. 
Each pixel in the array is matched to a unique angular 
position in the field of view of the telecentric optical 
lens system. 

The inventors have found, however, that the system 
described in this International application suffers from 
the problem that there are locations within the field of 
view of the optical lens system where communication 
between the transmitter and receiver cannot occur 
reliably. The inventors have identified that this is 
because of the pixelated nature of the 
reflector/modulator array used in the system. In 
particular, since there are gaps between the pixels in 
the array, there are areas in the field of view of the 
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optical lens system which do not correspond to the pixels 
of the reflector /modulator array. This problem can be 
minimised by minimising the gaps between the pixels. 
However, in practice this is difficult to achieve since 
the pixels must be electrically isolated from each other 
and space must be provided to allow connections to be 
made to the individual pixels. 

The present invention aims to alleviate the problems 
described above by providing at least one additional 
optical element to increase the apparent packing density 
of the communication pixels. 

According to one aspect, the present invention provides 
a communication system which employs a plurality of 
arrays of communication elements which are optically 
combined to increase their effective packing density 
(i.e. to increase the effective area covered by the 
communication elements compared to the gaps between the 
elements). Preferably the plurality of arrays are 
arranged so that the packing density is increased to 100% 
to provide maximum coverage. 

According to another aspect , the present invention 
provides an optical communication system having an array 
of optical communication elements and a micro lens array 
positioned in front of the array of elements to increase 
the apparent packing density of the elements. 

According to another aspect, the present invention 
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provides an optical communication system having two or 
more telecentric optical systems which are offset in 
angle from each other and which include a respective 
array of communication elements. 

Exemplary embodiments of the present invention will now 
be described with reference to the accompanying drawings 
in which: 

Figure 1 is a schematic diagram of a video broadcast 
system for supplying video signals for a plurality of 
television channels , to a plurality of remote users; 

Figure 2 is a schematic block diagram of a local 
distribution node and a user terminal which forms part of 
the video broadcast system shown in Figure 1; 

Figure 3 is a schematic diagram of a retroref lector array 
and lens system employed in the local distribution node 
shown in Figure 2; 

Figure 4 is a schematic diagram of an optically combined 
pixelated retroref lector array which forms part of the 
system shown in Figure 3 ; 

Figure 5 is a schematic diagram of a data distribution 
system; 

Figure 6 is a schematic diagram of a local distribution 
node and a user terminal which forms part of the data 
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distribution system shown in Figure 5; 

Figure 7 is a schematic diagram of an emitter and 
detector array and lens system employed in the local 
distribution node shown in Figure 6 ; 

Figure 8 is a schematic diagram of a data distribution 
system for supplying data to a plurality of users; 

Figure 9 is a schematic diagram of an array of emitters 
and detectors which forms part of one of the user 
terminals in the system shown in Figure 8; 

Figure 10 is a schematic diagram of an alternative form 
of local distribution node and user terminal which can be 
used in the data distribution system shown in Figure 1; 

Figure 11 is a schematic diagram of an alternative form 
of local distribution node and user terminal which can be 
employed in the data distribution system shown in Figure 

i; 

Figure 12 is schematic diagram of an alternative form of 
local distribution node and user terminal which can be 
employed in the data distribution system shown in Figure 
i; 

Figure 13 is a schematic diagram of an alternative form 
of local distribution node and user terminal which can be 
employed in the data distribution system shown in Figure 
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Figure 14 is a schematic diagram of an alternative form 
of an optically combined pixelated communications cell 
5 array which may be used in any of the above embodiments; 

Figure 15 is a schematic diagram of an alternative form 
of an optically combined pixelated communication cell 

\«£ array which may be used in any of the embodiments 

[ : y 10 described above; 

: ITS? 

! « I 

f Figure 16 is a schematic block diagram of a ret rof lector 

Q 

array and lens system which may be employed in the local 
distribution node shown in Figure 2 and which includes a 
\^15 micro lens array for increasing the apparent packing 

--J 

p density of the communication cells; and 

rU 

Figure 17 is a schematic block diagram of two telecentric 
optical systems and modulator arrays which are offset at 
20 an angle from each other. 

Figure 1 schematically illustrates a video broadcast 
system for supplying video signals, for a plurality of 
television channels, to a plurality of remote users. As 

25 shown in Figure 1, the system comprises a central 

distribution system 1 which transmits optical video 
signals to a plurality of local distribution nodes 3 via 
a bundle of optical fibres 5 . The local distribution 
nodes 3 are arranged to receive the optical video signals 

30 transmitted from the central distribution system 1 and to 
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transmit relevant parts of the video signals to 
respective user terminals 7 (which are spatially fixed 
relative to the local distribution node 3) as optical 
signals through free space, i.e. not as optical signals 
along an optical fibre path. 

In this embodiment, the video data for all the available 
television channels is transmitted from the central 
distribution system 1 to each of the local distribution 
nodes 3, each user terminal 7 informs the appropriate 
local distribution node 3 which channel or channels it 
wishes to receive (by transmitting an appropriate 
request) and, in response, the local distribution node 3 
transmits the appropriate video data, to the respective 
user terminals 7. Each local distribution node 3 does 
not, however, broadcast the video data to the respective 
user terminals 7. Instead, each local distribution node 
3 is arranged (i) to receive an optical beam transmitted 
from each of the user terminals 7 which are in its 
locality, (ii) to modulate the received beams with the 
appropriate video data for the desired channel or 
channels, and (iii) to reflect the modulated beams back 
to the respective user terminals 7. In addition to being 
able to receive optical signals from the central 
distribution system 1 and from the user terminal 7, each 
of the local distribution nodes 3 can also transmit 
optical data, such as status reports, back to the central 
distribution system 1 via the respective optical fibre 
bundle 5, so that the central distribution system 1 can 
monitor the status of the distribution network. 
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Figure 2 schematically illustrates in more detail the 
main components of one of the local distribution nodes 3 
and one of the user terminals 7 of the system shown in 
Figure 1. As shown in Figure 2, the local distribution 
5 node 3 comprises a communications control unit 11 which 

(i) receives the optical signals transmitted along the 
optical fibre bundle 5 from the central distribution 
La system 1; (ii) regenerates the video data from the 

''X received optical signals; (iii) receives messages 12 

IM 10 transmitted from the user terminals 7 and takes 

iy appropriate action in response thereto; and (iv) converts 

jSJ the appropriate video data into data 14 for modulating 

the respective light beams 15 received from the user 

□ 

terminals 7. In converting the video data into 
Hl5 modulation data 14, the communications control unit 11 

1 3 will encode the video data with error correction coding 

and coding to reduce the effects of inter-symbol- 
interference and other kinds of well known sources of 
interference such as from the sun and other light 
20 sources. 

The local distribution node 3 also comprises a retro- 
reflector and modem unit 13 , which is arranged to receive 
the optical beams 15 from the user terminals 7 which are 

25 within its field of view, to modulate the respective 

light beams with the appropriate modulation data 14 and 
to reflect the modulated beams back to the respective 
user terminals 7. In the event that an optical beam 15 
received from one of the user terminals 7 carries a 

30 message 12, then the retro-reflector and modem unit 13 
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retrieves the message 12 and sends it to the 
communications control unit 11 where it is processed and 
the appropriate action is taken. In this embodiment, the 
retro-reflector and modem unit 13 has a horizontal field 
5 of view which is greater than +/- 50° and a vertical 

field of view of approximately +/- 5°. 

Figure 2 also shows the main components of one of the 
user terminals 7. As shown , the user terminal 7 
ijlO comprises a laser diode 17 for outputting a laser beam 19 

;:r§ of coherent light. In this embodiment, the user 

terminals 7 are designed so that they can communicate 
with the local distribution node 3 within a range of 150 
metres with a link availability of 99.9 per cent. To 
H=15 achieve this, the laser diode 17 is a 50 mW laser diode 

q which outputs a laser beam having a wavelength of 850 nm. 

This output laser beam 19 is passed through a collimator 
21 which reduces the angle of divergence of the laser 
beam 19. The resulting laser beam 23 is passed through 

20 a beam splitter 25 to an optical beam expander 27, which 

increases the diameter of the laser beam for transmittal 
to the retro-reflector and modem unit 13 located in the 
local distribution node 3. The optical beam expander 27 
is used because a large diameter laser beam has a smaller 

25 divergence than a small diameter laser beam. 

Additionally, increasing the diameter of the laser beam 
also has the advantage of spreading the power of the 
laser beam over a larger area. Therefore, it is possible 
to use a higher powered laser diode 17 whilst still 

30 meeting eye-safety requirements. 
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Using the optical beam expander 27 has the further 
advantage that it provides a fairly large collecting 
aperture for the reflected laser beam and it concentrates 
the reflected laser beam into a smaller diameter beam. 
The smaller diameter reflected beam is then split from 
the path of the originally transmitted laser beam by the 
beam splitter 25 and focused onto a photo-diode 29 by a 
lens 31. Since the operating wavelength of the laser 
diode 17 is 850nm f a silicon avalanche photo-diode (APD) 
can be used, which is generally more sensitive than other 
commercially available photo detectors, because of the 
low noise multiplication which can be achieved with these 
devices. The electrical signals output by the photo- 
diode 29, which will vary in dependence upon the 
modulation data 14, are then amplified by the amplifier 
33 and filtered by the filter 35 • The filtered signals 
are then supplied to a clock recovery and data retrieval 
unit 37 which regenerates the clock and the video data 
using standard data processing techniques. The retrieved 
video data 38 is then passed to the user unit 39, which, 
in this embodiment, comprises a television receiver in 
which the video data is displayed to the user on a CRT 
( not shown ) . 

In this embodiment, the user unit 39 can receive an input 
from the user, for example indicating the selection of a 
desired television channel, via a remote control unit 
(not shown). In response, the user unit 39 generates an 
appropriate message 12 for transmittal to the local 
distribution node 3. This message 12 is output to a 
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laser control unit 41 which controls the laser diode 17 
so as to cause the laser beam 19 output from the laser 
diode 17 to be modulated with the message 12. As those 
skilled in art will appreciate , in order that the data 
being transmitted in opposite directions do not interfere 
with each other, different modulation techniques should 
be employed. For example, if the amplitude of the laser 
beam 15 is modulated by the local distribution node 3, 
then the laser control unit 41 should modulate, for 
example, the phase of the transmitted laser beam. 
Alternatively, the laser control unit 41 could apply a 
small signal modulation to the laser beam 19 to create a 
low-bandwidth control channel between the user terminal 
7 and the local distribution node 3. This is possible 
provided the detector in the local distribution node 3 
can detect the small variation in the amplitude of the 
received laser beam. Furthermore, such a small signal 
amplitude modulation of the laser beam would not affect 
a binary "on" and "off" type modulation which could be 
employed by the retro-reflector and modem unit 13. 

The structure and function of the components in the user 
terminal 7 are well known to those skilled in the art and 
a more detailed description of them shall, therefore, be 
omitted . 

Figure 3 schematically illustrates the retro-reflector 
and modem unit 13 which forms part of the local 
distribution node 3 shown in Figure 2. As shown, in this 
embodiment, the retro-reflector and modem unit 13 
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comprises a wide angle telecentric lens system 51, two 
arrays of modulators and detectors 53a and 53b and a 
beamsplitter 54 for dividing beams from the telecentric 
lens system 51 between the modulator /detector arrays 53a 
and 53b. In this embodiment, the telecentric lens system 
51 comprises lens elements 61 and 55 and a stop member 
57, having a central aperture 59. The size of the 
aperture 59 is a design choice and depends upon the 
particular requirements of the installation. The 
structure and function of a telecentric lens system is 
described in the applicants earlier International 
application WO 98/35328, the content of which is 
incorporated herein by reference. 

As is illustrated in Figure 3 by the two sets of rays 67 
and 69, laser beams from different sources are focused 
onto different parts of the arrays of 
modulators /detectors 53a, 53b. Therefore, by using an 
array of separate modulators and detectors, the laser 
beams 15 from all the user terminals 7 can be separately 
detected and modulated by a respective modulator and 
detector pair. 

In this embodiment, each of the modulator /detector arrays 
53a and 53b comprises 100 columns and 10 rows of 
modulator /detector cells. As shown in Figure 3, these 
arrays are located at the back focal plane 62a and 62b of 
the lens system 51. The cells of these arrays are 
spatially staggered from each other so that the cells in 
array 53b are optically located in the spaces between the 
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cells of array 5 3a. This is schematically illustrated in 
Figure 4, which shows the optically combined 
modulator /detector arrays 53a and 53b • As shown, the 
cells c 2 i:j of the array 53b are positioned so that the are 
5 optically located between the cells c 1 ^ of the array 

53a. As a result, the packing density of the cells is 
significantly increased compared to the packing density 
u, of the individual arrays 53a and 53b. As shown, each 

J ~5 modulator /detector cell c^ comprises a modulator m tj and 

UiO a detector d ±j located adjacent the corresponding 

!|j modulator. In this embodiment, the size 71 of the cells 

X s c ±j is between 50 and 200 jjm, with the spacing (centre to 

centre) 72 between the cells being slightly smaller than 
l'fj the cell size 71 • 

As shown in Figure 4, the telecentric lens 51 is designed 
so that the spot size of a focused laser beam from one of 
the user terminals 7 corresponds with the size 71 of one 
of the modulator /detector cells c^, as illustrated by 

20 the shaded circle 73 shown in Figure 4, which covers the 

modulator /detector cell c x 101 . The way in which the laser 
beams from the user terminals 7 are aligned with the 
retro-reflector and the way in which the system initially 
assigns the modulator/detector cells to the respective 

25 user terminals is described in WO 98/35328 and will not 

be described again here. 

In this embodiment, Quantum Confined Stark Effect (QCSE, 
sometimes also referred to as Self Electro-optic Effect 
30 Devices or SEEDs) modulators, developed by the American 
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Telephone and Telegraph Company (AT&T) , are used for the 
modulators m ± ^ . The structure and function of these QCSE 
modulators is described in WO 98/35328 and will not be 
given here. In this embodiment, each of the detectors 
d ±j comprises a photo-diode which is connected to an 
associated amplifier, filter and clock recovery and data 
retrieval unit similar to those employed in the user 
terminal 7 shown in Figure 2, which operate to detect any 
modulation of the corresponding laser beam and to 
regenerate any messages 12 which are transmitted from the 
corresponding user terminal 7. All the recovered 
messages 12 are then transmitted back to the 
communications control unit 11 where they are processed 
and appropriate actions are taken. 

Figure 5 schematically shows a data distribution system 
which employs a point to multipoint signalling system. 
The data distribution system is similar to the video data 
distribution system shown in Figure 1, except that data 
is passed in only one direction, from the central 
distribution system 1 to the user terminals 7. Such a 
data distribution system can be employed to distribute 
information relating to, for example, the prices of 
shares which are bought and sold on a stock market. In 
such an application, the individual user terminals 7 
would comprise a display unit for displaying the new 
prices of the stocks to the traders so that they can be 
kept up-to-date with changes in the share prices. 
Alternatively, such a one-way data distribution system 
could be used in railway stations, airports and the like 
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for informing passengers of arrivals and departures etc. 

The local distribution node 3 used in this embodiment is 
similar to the local distribution node of the system 
shown in Figure 1. The only difference is that the cells 
in the arrays do not include detectors d ijf for receiving 
communications transmitted from the user terminals 7. 
Similarly, the user terminals 7 are similar to those of 
the first embodiment except that there is no need for the 
optical beam expander in front of the beam splitter nor 
a laser control circuit for modulating the laser diode 
for transmitting messages to the local distribution 
nodes. The remaining components of this embodiment are 
the same and will not, therefore, be described again. 

In the above embodiments, a retro-reflecting 
communication system was described. As those skilled in 
the art will appreciate, the above technique for 
increasing the packing density is also applicable to 
systems which use an array of light emitters rather than 
an array of retro-reflectors. Figure 6 schematically 
illustrates in more detail the main components of one of 
the local distribution nodes 3 and one of the user 
terminals 7 of such an embodiment. As shown in Figure 6, 
the local distribution node 3 comprises a communications 
control unit 11 which (i) receives the optical signals 
transmitted along the optical fibre 5 from the central 
distribution system 1; (ii) regenerates the video data 
from the received optical signals; (iii) receives 
messages 12 transmitted from the user terminals 7 and 
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takes appropriate action in response thereto; and (iv) 
converts the appropriate video data into data 14 for 
transmission from the emitter elements of the 
emitter/detector array and lens system 80. The 
emitter/detector array and lens system 80, which is 
arranged (i) to receive the optical beams 15 from the 
user terminals 7 which are within its field of view and 
to transmit the received messages 12 to the 
communications control unit 11 where they are processed 
and the appropriate action taken; and (ii) to transmit 
the respective video data 14 , via optical beams 15 , to 
the respective user terminals 7. 

As shown in Figure 6, the user terminal 7 is identical to 
that of Figure 2 . 

Figure 7 schematically illustrates the emitter and the 
detector array and lens system 80 which forms part of the 
local distribution node 3 shown in Figure 6. As shown , 
in this embodiment , the emitter and detector array and 
lens system 80 comprises a lens system 89, two arrays of 
emitters /detectors 90a, 90b and a beam splitter 54 
located between the arrays 90 and the lens system 89. As 
shown, the lens system 89 comprises a wide angled lens 55 
and a convex lens 87 which operate to provide a wide 
field of view for the emitter and detector array and lens 
system 80. In this embodiment, the lens system 89 is not 
telecentric. Each of the emitter/detector arrays 90a and 
90b comprise a regular array of communication cells 
similar to the cells formed in the modulator /detector 
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arrays of the first embodiment, except with the 
modulators replaced by light emitters , In this 
embodiment, the emitters are formed from vertical cavity 
surface emitting lasers (hereinafter referred to as 
5 VCSELs). The VCSEL array is preferred because the array 

can be manufactured from a single semiconductor wafer, 
without having to cut the wafer. This allows a higher 

:^ number of the emitter elements per unit area than would 

be the case with an array made from traditional laser 

ijio diodes. 

j 5 These VCSEL arrays, manufactured and sold by CSEM SA 

i;3 (Badenerstrasse 569, 8048 Zurich, Switzerland), operate 

in a power range of between 1 and 30 mW and output a 
45 laser beam having a wavelength the same as conventional 

m laser diodes. Again, the cells of the arrays 90a and 90b 

are spatially arranged so that, through the operation of 
the beam splitter 54, the cells of the arrays are 
interleaved with each other like the cells shown in 
20 Figure 4. 



In this embodiment, the VCSEL emitters e ±j in the emitter 
arrays 90a, 90b are selectively addressable and the data 
14 from the communications control unit includes 

25 respective data for each VCSEL emitter e ±j .* The data for 

each VCSEL emitter may be the same or it may be 
different, depending on the application. As shown in 
Figure 7, the light output by each emitter e^ in the 
arrays 90a, 90b is a diverging beam, the divergence being 

30 primarily caused by diffraction at the emitting aperture 
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of the laser* The lens system 89 collects the diverging 
beam from each emitter and forms it into a collected 
beam. As those skilled in the art will appreciate , and 
as illustrated by the light rays 95 and 97, the angle at 
5 which the collected beam leaves the exit pupil of the 

lens depends on the spatial position of the emitter in 
the arrays 90a or 90b. Therefore, each emitter in each 
array maps to a particular angle in space and can 
ip therefore communicate with a respective user terminal 7. 

I; JO 

In the above embodiments, simplex and duplex data 
E distribution systems have been described in which a 

number of fixed user terminals can communicate with a 
s f local distribution node. An embodiment will now be 

! r= 

|45 described with reference to Figures 8 and 9 which 

: -J describe a data distribution system similar to the system 

!*y described with reference to Figures 5 to 7 except that 

some of the user terminals 7 (such as user terminal u l m ) 
can receive data from more than one local distribution 
20 node 3. In this way, some of the user terminals can 

receive twice the amount of data from the local 
distribution nodes or, if the local distribution nodes 
transmit the same data, then some of the user terminals 
7 will have an uninterrupted communication link even if 
25 the line of sight linked with one of the local 

distribution nodes become blocked. 

In this embodiment, the local distribution nodes 3 are 
substantially the same as the local distribution node 
30 shown in Figure 7, except that the lens system is 
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telecentric, like the lens system shown in Figure 3, and 
the arrays are just emitter rays. In this embodiment , 
telecentric lenses are used since this allows the 
collection efficiency (of light from the emitter arrays 
5 90) of the lens to be constant across the emitter arrays. 

Therefore, provided that all the emitter elements are the 
same, the intensity of the light output from the local 
distribution node will be the same for each emitter. In 

■j 

contrast, with a non-telecentric lens, the intensity of 
:fl0 the light output from the local distribution node will be 

greater for light emitted by emitters in the centre of 
3 the array than for those at the edge. The use of a 

telecentric lens also avoids the various cosine fall-off 
n factors which are well known in conventional lenses. 

J In order to allow the user terminals to be able to 

a 5 

simultaneously receive different communications from the 
different local distribution nodes 3, the user terminals 
include arrays of detector cells similar to the arrays of 

20 emitter cells located in the local distribution nodes 3. 

Figure 9 schematically illustrates the lens system and 
detector array 100 which forms part of a user terminal 7 
and which replaces the lens 31 and photo diode 29 of 
Figure 6. As shown, the lens system 101 comprises a wide 

25 angle lens 103 and a convex lens 105, and operates to 

focus light received from different local distribution 
nodes 3 (represented by light rays 106 and 107) onto a 
beamsplitter 109 which divides the beams between the two 
detector arrays 108a and 108b. In this embodiment, the 

30 detector cells in the two detector arrays 108a and 108b 
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are spatially arranged so that they are interleaved with 
each other , like the cells shown in Figure 4. As those 
skilled in the art will appreciate , by providing two of 
these detector arrays optically combined by the beam 
splitter 109, the packing density of the detector arrays 
can be increased over the packing density obtainable 
through a single array. 

As those skilled in the art will appreciate and as 
mentioned above, one of the advantages of this embodiment 
is that if one of the laser beams (106 or 107) from one 
of the local distribution nodes 3 is blocked, then the 
user terminal 7 will still receive the data from the 
other beam. Another advantage of this embodiment is that 
since both sides of the free space communications link 
use wide angled lenses, their fields of view are 
relatively large. Therefore, successful communications 
can still be carried out even if the user terminal 7 
moves relative to the local distribution node 3, provided 
both remain within the other's field of view. 

Another advantage of this embodiment is that if the user 
terminals 7 do move relative to the local distribution 
nodes 3, then they can determine either when they are 
about to move out of the field of view of one of the 
local distribution nodes 3 or when one of the local 
distribution nodes 3 is about to move out of their field 
of view. This is possible because as the user terminals 
7 move, the laser beams from the local distribution nodes 
3 move over the respective detector array 108a, 108b and 
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the user terminals 7 can detect this by sampling the 
signals from the detector cells in their arrays. In such 
an embodiment, if the user terminal 7 determines that the 
laser beam from one of the local distribution nodes 3 is 
5 about to move off the side of the detector array 108a, 

10 8b and if the user terminal 7 is not receiving data 
from another local distribution node 3, then the user 
terminal 7 may be configured so as to warn the user that 
connection to the central distribution system 1 is about 

10 to be lost. As those skilled in the art will appreciate, 

in such an embodiment where the user terminals 7 move 
relative to the local distribution nodes 3 (or vice 
versa), either side of the communication link can track 
the movement of the other side within its field of view 

15 by tracking the focussed laser beam from the other side 

as it moves over its emitter/detector arrays. This 
information can then be used to control the emitter and 
detector cell which is used in the communications link. 

20 A simplex communications system was described above in 

which emitter arrays were provided in each of the local 
distribution nodes and detector arrays were provided in 
each of the user terminals. As those skilled in the art 
will appreciate, and as shown in Figure 10, the 

25 communication system shown in Figure 8 can be made into 

a duplex communication system by providing emitter and 
detector arrays in both the local distribution nodes 3 
and the user terminals 7. Preferably, in such an 
embodiment, each side of the communications link would 

30 use a wide angled telecentric lens such as the one shown 
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in Figure 3, for the reasons mentioned above. 
Alternatively, as illustrated in Figure 11, emitter and 
detector arrays may be provided in the local distribution 
nodes 3 and retroref lector and modulator arrays may be 
provided in each of the user terminals 7. Alternatively 
still, as illustrated in Figure 12, a retroref lector and 
modem unit may be provided in each of the local 
distribution nodes 3 and emitter and detector arrays may 
be provided in each of the user terminals 7. 

Alternatively still, retroref lector and modem units may 
be provided in both the local distribution nodes 3 and 
the user terminal 7. Such an embodiment is illustrated 
in Figure 13. As those skilled in the art will 
appreciate, in such an embodiment, either the local 
distribution node or the user terminal must also include 
a laser diode for illuminating the light reflectors of 
one of the retroref lectors . In the embodiment shown in 
Figure 13, this laser diode is provided in the local 
distribution node 3. As shown, light from the laser 
diode 111 is expanded and collimated by the lens 112 and 
used to illuminate the modulator array 113 via a 
polarising beamsplitter 114. Each element of the 
modulator array reflects or absorbs a part of the 
incident light in accordance with the electric bias 
applied to that element (which depends on the input 
modulation data 14 ) . The reflected light then passes 
through the beamsplitter and a A/4 wave plate 119 (for 
changing the polarisation of the reflected light from 
linear to circular) and lens 115 towards the user 
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terminal 7 . The beam received at the user terminal is 
focussed by a lens 116 onto a retro-reflector array 
(including both modulators and detectors) 117 where the 
received light is both detected (to recover the 
5 modulation data 14) and modulated with data 12 and 

reflected back towards the local distribution node 3. As 
a result of this reflection, the "handedness" of the 

U: polarised light is inverted and therefore, when the 

reflected light passes again through the A/4 wave plate 

UJ 10 119, the linear polarisation of the received light is 

jijj rotated by 90° relative to the transmitted light. 

;j Therefore, the reflected light is reflected by the 

polarising beamsplitter 114 towards the photodiode array 

j ; 5 118, where the modulation data 12 is recovered. As those 

15 skilled in the art will appreciate, the techniques 

□ described above which are used to increase the effective 

ip 

packing density of the retro-reflectors may also be 
employed in this embodiment at one or at both ends of the 
communications link. 

20 

In the above embodiment, two arrays of modulators were 
combined using a beam splitter 54. As a result, the 
apparent packing density of the arrays of 
modulator/detector cells is increased. However, with 2D 

25 arrays, a packing density of 100% cannot be achieved with 

only two arrays of such modulator/detector cells. 
However, if four arrays of modulator /detector cells are 
used, each having a packing density of at least 25% (i.e. 
in which the gap between the pixels is equal to or 

30 greater than the pixel size), then by employing three 
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beamsplitters , these four arrays may be optically 
combined to achieve a 100% packing density. This is 
schematically illustrated in Figure 14 . 

Further, in some applications, users of the communication 
system will be distributed in a substantially horizontal 
plane. Therefore, in this case, a linear array of 
modulators /detectors is sufficient and a 100% packing 
density can be achieved through just two linear arrays, 
as illustrated in Figure 15. 

In the above embodiments, two arrays of optical 
communication elements (such a light emitters, light 
reflectors and light detectors) were optically combined 
using beamsplitters in order to increase the packing 
density of the optical elements. The packing density of 
the optical elements can be effectively increased using 
other techniques. For example, an array of microlenses 
may be placed in front of the array of optical elements. 
In this case the microlens array would be arranged so 
that the centres of the microlens have the same grid 
spacing as that of the elements in the optical element 
array, so that each microlens acts as an optical system 
for an individual optical element. This is illustrated 
in Figure 16 which shows the way in which such an array 
of microlenses 135 may be placed in front of an array of 
optical communication elements (in this case an array of 
QCSE modulators 53). As illustrated in Figure 16, each of 
the microlenses 137 is located adjacent a modulator pixel 
53-1, which, in this embodiment, are spaced apart along 
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the array 53 by regular intervals 53-2. As shown, each 
of the microlenses 137 acts to form a magnified image of 
the associated modulator pixel, so that, when viewed from 
the exit pupil of the telecentric optical system 51, the 
array appears to have a 100% packing density. 

As those skilled in the art will appreciate, by using 
such a microlens array, the numerical aperture of the 
beam at the modulator pixel will be larger than without 
the lens by a factor equal to the linear magnification 
afforded by the microlens. With 30/rni modulator elements 
and with a spacing between the elements of 5jnn, the 
linear magnification required to achieve a 100% packing 
density is 1.167, and hence the numerical aperture at the 
pixel is increased by this factor. However, this is a 
relatively small increase in numerical aperture and in 
most cases is well within acceptable limits for the 
modulator pixel. 



Another way of increasing the packing density of a single 
array of optical communication elements is to use two or 
more separate optical systems and arrays of communication 
elements. Such a system is schematically illustrated in 
Figure 17. As shown, the system includes two telecentric 
optical systems 120a and 120b and two arrays 125a and 
125b of optical communication elements. This embodiment 
makes use of the fact that a beam 127 incident upon the 
transmitter or receiver is typically significantly larger 
than the telecentric stop of the telecentric lens. 
Therefore, the beam can be received by more than one 
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telecentric system. Therefore, by pointing the two 
telecentric lens systems in slightly different 
directions, as shown in Figure 17, the mapping between 
direction within the field of view and position on the 
5 arrays 125a and 125b, for the two arrays will be 

different. Therefore, by setting the appropriate offset 
angle between the two telecentric lens systems, the 
communications elements in the two arrays 125a and 125b 
□ can be arranged to intermesh in a similar manner to the 

:5l0 embodiments which employ beamsplitters. As those skilled 

Jf in the art will appreciate, this technique can achieve a 

i;3 100% packing density without the additional optical loss 

i«i associated with beamsplitters, but at the cost of 

additional telecentric optical systems. 

J15 

Jiy In the retro-reflecting embodiments described above, an 

array of QCSE modulators were used in the retro- 
reflecting end of the communication link. These QCSE 
modulators either absorb or reflect incident light. As 

20 those skilled in the art will appreciate, other types of 

reflectors and modulators can be used. For example, a 
plane mirror may be used as the reflector and a 
transmissive modulator (such as a liquid crystal) may be 
provided between the lens and the mirror. Alternatively 

25 still, beamsplitters may be used to temporarily separate 

the path of the incoming beam from the path of the 
reflected beam and, in this case, the modulator may be 
provided in the path of the reflected beam so that only 
the reflected light is modulated. However, such an 

30 embodiment is not preferred since it requires additional 
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optical components to split the forward and return paths 
and then to re-combine the paths after modulation has 
been effected. 

5 In the embodiments which employ a telecentric lens, the 

array of emitters or detectors or modulators are located 
substantially at the back focal plane of the telecentric 
lens. As those skilled in the art will appreciate, the 

j :s5s 

Q telecentric lens can be adapted to have a back focal 

hjlG plane which is curved or partially curved. In this case, 

the array of emitters or detectors or modulators should 

I'll 

C also be curved or partially curved to match the back 

Q 

focal plane of the telecentric lens. 

' It::? 

1^15 In the above embodiments, a point to multipoint 

signalling system has been described. As those skilled 

= W in the art will appreciate, many of the communications 

techniques described above will apply to point to point 
signalling systems, to multipoint to point signalling 
20 systems and multipoint to multipoint signalling systems. 

In the embodiments described above which employ arrays of 
VCSEL emitters, the light generated by each of the 
emitters is modulated with the. data to be transmitted to 

25 the other end of the communication link. The easiest way 

to modulate the light from the VCSEL emitters is to 
switch the emitters on and off to thereby amplitude 
modulate the light emitted from them. However, as those 
skilled in the art will appreciate, other modulation 

30 techniques, such as frequency or phase modulation may be 
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used. Further, as those skilled in the art will 
appreciate, other types of light emitters such as laser 
diodes and light emitting diodes may be used. An array 
of emitters could also be formed by a bundle of optical 
5 fibres, closely packed into a regular array with a laser 

diode coupled to the other end of each fibre. However, 
the use of such a bundle of optical fibres or the use of 
2D arrays of laser diodes results in a greater beam 
! 3 divergence caused by diffraction at the emitting aperture 

iVflO which is of the order of ±20°. This requires a low 

; i;sr B 

f/number collimating lens to be used if the light is to 

i y 

F efficiently collected and collimated* This increases the 

ill 

cost and complexity of the lens system. 

1-15 

ru 
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1. An optical signalling system comprising first and 
second signalling devices, 

the first signalling device comprising a plurality 
of signalling elements each having a common signalling 
function, the elements being arranged in a predetermined 
spatial configuration with gaps therebetween; and 

a second signalling device comprising at least one 
signalling element for signalling with at least one of 
the signalling elements of said first signalling device; 
and 

wherein said first signalling device further 
comprises at least one additional optical element 
arranged to reduce the apparent size of the gaps between 
adjacent elements. 

2. A system according to claim 1, wherein said at least 
one additional optical element comprises a corresponding 
plurality of microlenses positioned in front of the 
signalling elements. 

3. A system according to claim 1, wherein said at least 
one additional optical element comprises at least one 
beamsplitter, wherein said plurality of signalling 
elements are arranged in at least two groups and wherein 
the at least one beamsplitter and the at least two groups 
are arranged so that the signalling elements of the at 
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least two groups are effectively spatially interleaved 
with one another. 

4. A system according to claim 1, wherein the at least 
one additional optical element comprises a second 
plurality of signalling elements each having the same 
signalling function as the signalling elements of the 
first plurality of signalling elements, the second 
plurality of signalling elements being arranged in a 
predetermined spatial configuration with gaps 
therebetween, the second plurality of signalling elements 
being offset at an angle relative to the first plurality 
of signalling elements. 

5. An . apparatus according to any preceding claim, 
wherein the or each plurality of signalling elements are 
arranged in an array. 

6. An apparatus according to claim 5, wherein the 
signalling elements are arranged in a regular array. 

7. A system according to claim 5, wherein the or each 
array is a two dimensional array. 

8. A system according to claim 5, wherein the or each 
array is a one dimensional array. 

9. A system according to any preceding claim, wherein 
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a lens system is provided in front of the plurality of 
signalling elements in said first signalling device and 
a lens system is provided in front of the signalling 
element within said second signalling device. 

10. A system according to claim 9, wherein the lens 
system of said first signalling device comprises a 



::f telecentric lens. 



i'lO 11. A system according to claim 10 , wherein said 

s tsss; 

i;3' plurality of signalling elements are located 

substantially at the back focal plane of said telecentric 
J;2 lens. 

: a 

IS 12. A system according to claim 10 or 11 , wherein said 

telecentric lens is a wide angled telecentric lens. 

13. A system according to any preceding claim, wherein 
said plurality of signalling elements comprises an array 

20 of light emitters. 

14. A system according to any of claims 1 to 12, wherein 
said array of signalling elements comprises an array of 
light reflectors. 



15. A system according to claim 14, wherein said first 
signalling device further comprises means for modulating 
light reflected by or to be reflected by said array of 
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16. A system according to any preceding claim, wherein 
said second signalling device comprises a plurality of 
signalling elements. 

17. A system according to claim 16, wherein said 
plurality of said signalling elements in said second 
signalling device are arranged in a regular array. 

18. A system according to claim 17, wherein one or more 
of said signalling elements of said second signalling 
device comprises a vertical cavity surface emitting 
laser. 

19. A system according to claim 17 or 18, wherein one 
or more of said signalling elements of said second 
signalling device comprises a light detector. 

20. A system according to 19, wherein the or each light 
detector comprises a photodiode. 

21. A system according to any preceding claim, wherein 
said first and second signalling devices are moveable 
relative to each other. 

22. A system according to any preceding claim, wherein 
said at least one further optical element is operable for 
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increasing the average packing density of the plurality 
of signalling elements* 

23. A system according to any preceding claim, 
comprising a plurality of said first signalling devices 
arranged to signal with one or more of said second 
signalling devices. 

24. A system according to any preceding claim, 
comprising a plurality of said second signalling devices 
each arranged to signal with a respective one of said 
signalling elements of said first signalling device. 

25. A system according to any preceding claim, wherein 
the signalling elements of said first signalling device 
are operable to modulate an optical signal to be 
transmitted to said second signalling device. 

26. A system according to claim 25, wherein said 
signalling elements of said first signalling device are 
operable to modulate at least one of the amplitude, 
phase, frequency or polarisation of the optical signal. 

27. A signalling device comprising a plurality of 
signalling elements arranged in a predetermined spatial 
configuration with gaps therebetween and at least one 
further optical element for reducing the apparent size 
of the gaps between the adjacent elements. 
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28. A signalling device comprising the technical first 
signalling device features of any preceding claim* 

29. A signalling kit comprising one or more first 
5 signalling devices and a plurality of second signalling 

devices, 

wherein each first signalling device comprises a 
signalling device according to either claim 28 or 29, and 
wherein each second signalling device comprises at 
least one signalling element for signalling with at least 
one of the signalling elements of said one or more first 
signalling device. 

30. A signalling method using first and second 
signalling devices, the first signalling device 
comprising a plurality of signalling elements arranged 
in a predetermined spatial configuration with gaps 
therebetween, the method being characterised by the step 
of providing at said first signalling device at least one 

20 additional optical element for reducing the apparent size 

of the gaps between adjacent elements. 

31. An optical signalling system comprising first and 
second signalling devices, 

25 the first signalling device comprising means for 

generating an optical signal; means for modulating the 
generated optical signal with modulation data; and means 
for reflecting the generated optical signal towards said 
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second signalling device; 

the second signalling device comprising means for 
receiving optical signals transmitted from the first 
signalling device; means for retrieving the modulation 
data from the received signal; means for modulating the 
received optical signal with modulation data for the 
first signalling device; and means for reflecting the 
received optical signal back to the first signalling 
device • 

32. An optical signalling system comprising first and 
second signalling devices, 

the first signalling device comprising a plurality 
of reflectors and a light source for illuminating said 
plurality of reflectors in common; 

the second signalling device comprising a plurality 
of reflectors each for receiving light from a respective 
light source and for reflecting the light back to the 
respective light source* 

33. A system according to claim 32, wherein said 
reflectors are arranged in an array. 

34. A system according to claim 32 or 33, wherein said 
first signalling device further comprises means for 
modulating the light from said source with modulation 
data and wherein said second signalling device further 
comprises means for retrieving the modulation data. 
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35. A system according to any of claims 32 to 34, 
wherein said second signalling device further comprises 
means for modulating the light from said first signalling 
device with modulation data and wherein said first 
signalling device further comprises means for retrieving 
the modulation data. 

36. An optical signalling system comprising first and 
second signalling devices , wherein each of the first and 
second signalling devices comprises a retro-reflector and 
at least one of the first and second signalling devices 
comprises means for generating and outputting an optical 
signal onto the retro-reflector of said at least one of 
said first and second signalling devices. 
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q (57) Abstract: A signalling system is provided which employs one or more arrays of communication elements together with an 
additional optical element for increasing the apparent packing density of the elements tn the arrays. In one embodiment, this is 
Q achieved by using a microlens array matched with the array of communication elements. In another embodiment two arrays are 
J^- provided which are optically combined with a beamsplitter. In a third embodiment, two optical systems are provided which are 
offset in angle from each other so that there is a different mapping between position in the array and position within the field of view. 
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